Background: This paper aims to record the species used for flavouring and making alcoholic drinks, mainly rakija, on the islands of the Adriatic (Croatia). Methods: Our data comes from 295 interviews performed on 36 islands, in both the Dalmatian and Kvarner areas of the Adriatic. Results: Altogether, 114 species are used-46% from wild locations only, 15% both wild and cultivated, 38% only cultivated and two species are imported. The most common local alcohol is wine, made without spices, but grape pomace distillate is often flavoured with single or mixed species. The mix is called travarica. The most commonly used species are Foeniculum vulgare Mill., × piperita L. and M. spicata L. Unfortunately, the widespread phenomenon of distilling Arbutus unedo L. fruits and fermenting Juniperus 'wine' is now extinct. Apart from grapes, the only commonly distilled fruit now is Ficus carica. Conclusions: It is striking that nearly all the plants are either wild or cultivated locally, which, in addition to the fact that the alcohol is made locally, shows the incredible local culinary self-sufficiency of the area. The number of species used is also very impressive.
Background
Regional alcoholic drinks are an important part of local culinary identity, not only in Europe [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In some parts of Europe, this identity is associated with local wines; in others, it is beer or high-percentage alcohol. Plants used for flavouring alcoholic drinks in some parts of Europe have been hardly documented, a rare example being Tuscany, Italy [1, 2] .
It is worth mentioning that alcoholic drinks should not only be seen as intoxicating beverages or gourmet products, but also as components of local food security strategies, as pointed out by Madej et al. [9] . Excess fruit, when turned into an alcoholic drink, can be stored for a long period of time in its new form. Additionally, the drink preserves some of the caloric value or other nutritional qualities of the original product from which it derives. Moreover, flavoured alcoholic drinks are strongly embedded in the tradition of herbalism. Alcohol is a very good material for the chemical extraction of medicinally active chemicals; hence, its use for making tinctures has been widespread since antiquity [14] [15] [16] [17] .
The coast of Croatia has recently been the subject of intense ethnobotanical investigation [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , mainly by the authors of this paper [18] [19] [20] [21] [22] [23] [24] [25] .
Most of the studies were focused on wild foods, though medicinal plant use in Istria and inland Dalmatia was also recorded. Wine is the dominant locally produced alcoholic drink in Croatia, hence a large variety of grape cultivars and types of wine are known. After winemaking, the remaining pressed grape stalks and pulp (i.e. pomace) are distilled into a grappa-type spirit called rakija.
Drinking rakija is also a social phenomenon. It is nearly always offered to guests and is drunk on many important occasions such as weddings and funerals. It is also consumed as a simple digestive. Rakija is made in nearly every rural household in coastal Croatia. However, since joining the European Union in 2013, there have been constraints on the selling of home-made spirits, and a special licence is now required.
Rakija is actually a term meaning all spirits which originate from the fermentation of fruits. In this paper, we will use the term rakija and grappa interchangeably. The word rakija comes from the Turkish raki (originally a word of Middle Eastern origin) and is commonly used not only in Croatia, but in other Balkan countries, which used to be a part of the Ottoman Empire [28] [29] [30] [31] . On the other hand, it is argued that the making of rakija in the neighbouring Bosnia may have been brought from Dalmatia where spirits were made earlier than in the western part of the Ottoman Empire [31] , the Venetians being pioneers of the production of aromatic spirits in Europe [15] . In Croatia, strong spirits are often flavoured with herbs and fruits. In spite of the fact that this tradition is widespread, as yet no monograph documents this phenomenon in its entirety. The only sources on flavoured rakija are a few popular handbooks documenting how to make it [32, 33] . These however tend to contain species promoted by the author rather than documenting local practices or traditions. In order to fill this gap, we aimed to record the traditions of flavouring alcohol on the islands of the Croatian coast. Croatian islands are a good model for studying island biogeography principles [34] in ethnobotany. The theory of island biogeography [35] has hardly been applied at all in ethnobotany, our previous study on the use of wild vegetables on the Croatian islands constituting the first systematic study of this kind [34] . We found hardly any correlations between island geographical characteristics (such as size, population, flora and isolation from the mainland) and the number of wild vegetables used, apart from a generally increasing richness from the northwest to the southeast. However, in the previous paper, we only looked at the 15 largest islands, whereas in this study, we have data from nearly all the inhabited islands, including the most sparsely inhabited, presenting a greater variety of island sizes.
The main aim of our study was to compile a list of species used to flavour alcohol and determine whether there are any major differences within the study area. The islands of Croatia form one of the largest island archipelagos in Europe. We expected that the high diversity of dialects, relative isolation of local populations and abundance of aromatic Mediterranean plants would result in a high number of taxa used.
Methods
In the Croatian part of the Adriatic there are 1151 islands, islets and reefs, and 80 additional reefs which periodically appear above sea level, depending on the tides. Only 47 islands are inhabited, in the sense that at least one person resides there. Sixty Croatian islands have coastlines longer than 10 km, while 653 islets have coastlines shorter than 10 km, but with developed soil and vegetation. The highest elevation occurs on Brač (778 m a.s.l.). The climate of the area is mainly Mediterranean. According to the Köppen classification system, the coast and islands of the eastern Adriatic side belong to three Mediterranean climate types: (1) Cfsax, (2) Csax and (3) Csa. According to Mazzoleni et al., the entire area belongs to the IV3 climate type [36] . The potential vegetation over the largest areas of the studied islands is made up of forests dominated by Quercus ilex (belonging to the phytosociological class of Quercetea ilicis). On the Kvarner islands and the inland hills of larger islands, the potential natural vegetation is made up of downy oak forests (Quercetalia pubescentis) [37, 38] .
The traditional food systems of the islands were based on utilising marine resources, mainly fish, and the cultivation of olives and grapes supplemented by grains, legumes and brassicas, along with animal husbandry, particularly in off-coast locations. Nowadays, the tourist industry is the dominant source of income.
This study forms part of a larger study on the ethnobotany of the Adriatic islands, from which only data about wild vegetable use has so far been published [34] . The research was performed between 2013 and 2018, with most interviews carried out in 2016 and 2017. One of the study questions enquired as to which plants were used to make flavoured rakija, liqueurs and other alcoholic drinks. The data in the spreadsheet come from 295 interviews (279 unpublished and 16 interviews from which data had already been published in an earlier paper about the island of Krk [20] ). The mean age of respondents was 69 (median 70, minimum 30, maximum 96; 62% female, 38% male). We managed to interview people from 36 out of the 47 officially inhabited islands, including the 15 largest islands, with surface areas of over 40 km 2 (Fig. 1 , Table 1 ).
We applied the standard methods of ethnobotany: indepth semi-structured interviews starting from freelisting and supplemented if possible by walks around the places where the respondents gathered plants and could identify the supplied names. Two of the authors of this paper were brought up on the coast of Dalmatia (M.J.D. -Split; K.D. -Dubrovnik) and had frequently visited many of the studied islands since childhood. Some key informants were also selected by walks through the fields with people who claimed that they still collected wild food plants or made well-flavoured rakija. The interviews were performed in Croatian, the native language of the inhabitants. The interviews concerned different aspects of plant use, but here, we present data only on alcoholic beverages, and only with respondents who possessed such knowledge. We asked the general question, which plants (wild or cultivated) are used to flavour alcoholic drinks? We made efforts to cover the whole island evenly and recruit informants from as many different villages as possible. The informants were chosen from people who were born on the islands and had their ancestry there.
The number of species in the island floras was extracted from data gathered by Nikolić et al. [36] , supplemented by the flora of Pašman [39] , Vrgada [40] , Olib [41] , and Ist and Skarda [42] . The isolation of the island was measured as the distance (km) between the mainland and the part of the island closest to it. The population data were taken from the Statistical Yearbook of 2015 [43] .
Plants were identified using standard floras available in this area of Europe, including Nikolić's guide for the identification of Croatian flora [44] , Pignatti's Flora of Italy [45] and the Flora Croatica Database [46] . Plant names were updated to be consistent with The Plant List [47] . Voucher specimens were collected on the islands where they were used, usually with the assistance of the respondents. For the place of deposition, see the "Availability of data and materials" section.
In some of our analyses, we divided the islands into five groups corresponding to their administrative location in five regions ('županija'): (1) Kvarner islands, (2) Zadar islands (North Dalmatian Islands), (3) Šibenik islands and (4) Split islands (Central Dalmatian Islands), and (5) Dubrovnik islands (South Dalmatian Islands). We grouped nearby islands, as there is usually cultural exchange between neighbouring islands, and the number of interviews from each island was very uneven.
Statistical analysis was performed using open-access PAST software [48] . The normality of the distribution of variables was tested with the Shapiro-Wilk test. All the variables had a normal distribution. A matrix of Pearson correlation coefficients for all pairs of variables was created (the variables used were number of species listed by an informant, gender of informant (male = 1, female 0), age, area of the island, population, isolation from mainland, number of species in the vascular flora and longitude).
To visualise the similarity of species lists in the studied regions and in larger islands, we used a numeral taxonomy dendrogram obtained by clustering. We used the most common method of clustering, i.e. Unweighted Pair Group Method with Arithmetic Mean (UPGMA), using Euclidean distance [49, 50] .
Results and discussion
Altogether, 114 species of plants from 38 botanical families are involved in the production or flavouring of alcoholic drinks ( (18), Asteraceae (12) and Rutaceae (6) . The largest category is composed of wild plants (52 species, 46% of species). If we add the species which are gathered both from wild localities and from gardens (17 species), they constitute over half of the species list ( Fig. 2 ). Fortythree species are exclusively cultivated, and only two species from one genus (coffee) are imported. The most important plant is of course grape (Vitis), which was not usually mentioned in interviews, regarded as being too obvious since wine is a basic everyday drink in southern Croatia. The remnants from the pressing of wine must, called 'pomace' in English (and drop in Croatian), are distilled into rakija. Rakija is a general term for any liquors distilled from fruits or their juices. Specifically, lozovača is the one made from grapes. Spirits have also been distilled from dried figs Ficus carica L. (the drink is called smokovača) and strawberry tree Arbutus unedo L. fruits (the latter species ceased to be used in 1950-1960s) or more rarely plum species šljivovica (Prunus spp.). The distillation of dried figs is still common on a very small scale (and the product is highly prized by alcohol gourmands). On the other hand, we have not found a single contemporary producer of strawberry tree distillate. At one time, this was so common that people from the Šibenik islands brought boats full of strawberry tree fruits and sold them in the Šibenik market.
The plants most commonly used to flavour drinks are fennel Foeniculum vulgare Mill., myrtle Myrtus communis L., sage Salvia officinalis L., rue Ruta graveolens L., juniper Juniperus oxycedrus L., carob Ceratonia siliqua L., walnut Juglans regia L., citrus fruit peel and leaves (mainly lemon Citrus limon (L.) Osbeck and bitter orange Citrus aurantium L.), fig Ficus carica L., bay Laurus nobilis L., rosemary Rosmarinus officinalis L., wormwood Artemisia absinthium L., petals of sweet smelling old rose garden varieties, mainly Rosa centifolia L., and mints (mainly Mentha piperita L. and M. spicata L.). Myrtle, walnut, rose petals and different cherry varieties and species (mainly Prunus cerasus, P. spinosa or P. avium) are used to make one-species sweetened liqueurs, which contain 20-40% alcohol. Other fruitbased single species sweet spirits are made of jujube Ziziphus jujuba L., nettle tree Celtis australis L., blackberry Rubus ulmifolius Schott, loquat Eriobotrya japonica (Thunb.) Lindl., dog rose Rosa canina L. and service tree Sorbus domestica L.
The remaining species are usually mixed. One kind of mixed-species spirit is called travarica ('trava' means 'herb'). The most common ingredients of this drink are fennel, sage, rue, juniper, carob, citrus fruit peel or leaves, bay, rosemary, wormwood, St. John's wort Hypericum perforatum L., savory Satureja montana L., wild thyme (Thymus spp.), catmint Clinopodium nepeta (L.) Kuntze, marjoram Origanum majorana L., curry plant Helichrysum italicum (Roth) G. Don and lavender (Lavandula spp.).
The correlations between the number of species listed by an informant and the studied independent variables were very weak ( Table 3 ). The strongest correlation was found with geographical longitude. Weak negative correlations were found for the age of informants and number of species in the local flora, i.e. younger people and people from more species-poor islands tended to quote more species! Men listed slightly more species than women, but the difference was small and insignificant.
Most of the common ingredients we found are used throughout the Adriatic Islands. On the other hand, some northwest-southeast trends can be detected for a few species, and the number of species per informant was lower in the Kvarner and Zadar archipelago than further south (Fig. 4) . The largest number of species per interview was recorded for the Šibenik islands, but it was nearly identical for the Split and Dubrovnik islands as well ( Fig. 4 ). In terms of species composition, clustering differentiated the archipelagos into two groups, one constituted by the Dubrovnik and Split islands and the other by the Kvarner, Zadar and Šibenik islands. Thus, the Šibenik islands have an intermediate character-people use as many species as they do further south, but the species composition is closer to the more northern Kvarner and Zadar islands ( Fig. 5 ).
When each island was analysed separately the largest number of taxa was recorded in Korčula (49) , Vis (39), Zlarin (37), Hvar (30) and Šipan (27) . The clustering analysis revealed that Vis, Pag and Korčula were the least similar to other large islands ( Fig. 6 ). During our interviews, we noticed a high level of experimentation. People often mentioned trying new plants in search of interesting flavours. As many as 42 taxa were mentioned by only one or two informants, which show a high level of idiosyncrasy in the species composition used for rakija. However, there are a few species which are both restricted to one island and constitute a salient part of local culture. One example is rakija flavoured with Artemisia caerulescens L. made on Cres. The plant is nearly extinct now and the drink is made only by a few people on the island, as the species is difficult to find (this case is discussed in more detail later in this chapter). Another example is the use of grey rock-rose Cistus × incanus L. and Rhamnus alaternus L. in travarica mixes, which is Table 2 The list of species used to make alcoholic drinks in the Adriatic Islands
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Arch. *Two capital letter abbreviations refer to particular islands and are made from the first two letters of their name, e.g. ZL for Zlarin and PA for Pašman, with an exception for PG Pag 1-presence of other species: min mixed-species beverages, ssingle species flavouring 2-type of use: rfor rakija favouring, rbas base for rakija fermentation, was base for wine-type drinks (fermentation without distillation) 3-part of plant used: aeaerial parts, flflowers, frfruit, imimmature fruit, lleaf, pefruit peel, sseeds, ststigmas, uunderground parts restricted only to the island of Vis. These plants are very common on most of the islands [46] , but are not used there. A similar situation occurs on Brač where the uses of Micromeria juliana (L.) Benth. ex Rchb. and felty germander Teucrium polium L. were recorded, but the species are found on other islands as well. Citrus × aurantium L., bitter orange, is characteristic for the former Republic of Dubrovnik (now the Dubrovnik region including the studied islands from this area), where it was introduced in the tenth century. It has a special place in gardens, summer houses and monasteries in the area of Dubrovnik. Bitter orange is often used in local gastronomy, as a spice and for medicinal purposes, and it is also an indispensable ingredient of the Dubrovnik 'travarica'. Interestingly, further north in other parts of Dalmatia (e.g. near Split), sweet orange Citrus sinensis (L.) Osbeck is used more often than bitter orange. This difference has only a cultural or historical and not climatic explanation.
Among interesting plants occasionally used in rakija, we must mention lemon verbena, Aloysia citriodora Palau, which is used mainly on Korčula. According to local beliefs recorded in this study, the plant was brought by sailors to the island, directly from South America.
The recreational and digestive uses of plant flavoured alcohols are dominant, and they are rarely used for particular ailments. Digestive stomachic properties are generally attributed to mixed-species travarica. Out of all the herbal grappas, rue travarica is thought to be the most powerful. It is particularly used to increase appetite and prevent the evil eye ('evil eye' is a folk illness-it was commonly believed throughout Europe that a certain kind of person may hurt others, animals and crops, just by looking at them). The consumption or wearing of certain plants had a protective function against those with the 'evil eye' [8, 51] . Other common stomachics are walnut (unripe fruit) and wormwood grappas. An interesting tradition persists in the Kvarner islands, where a sweet medicinal liqueur made from bay fruits is widely known. Many of the species used to flavour alcoholic drinks are the same as those used on the other side of the Adriatic, in central Italy (sour cherries, walnuts, citrus fruits and many wild herbs such as sage) [1, 2, 52] . Thirty-two, i.e. nearly half of the wild plants recorded in the study, are also used for making liqueurs in Spain (including Catalonia) [7] . In Spain, similarly to the results of our study, Lamiaceae and Rosaceae are the families containing the largest number of plants used as liqueur ingredients. The similarity would be larger if it were not for the fact that in some cases different species from the same genus are used in the different countries (i.e. Thymus, Ruta, Pyrus). It is striking that in Croatia use of foreign (i.e. imported) ingredients in rakija is nearly nonexistent. Practically all the plants used for flavouring come from home gardens or the surrounding nature and are usually self-collected. Not a single species of imported spices is used (apart from coffee), in contrast to many other areas of Europe where spices such as star anise Illicium spp. or cloves Syzygium aromaticum (L.) Merrill & Perry and cinnamon Cinnamomum spp. have been common ingredients of alcoholic drinks for a long time [15] . Strangely, the Venetians, who ruled the Croatian islands for hundreds of years, were some of the main traders of exotic spices [15] . In spite of this, the custom of combining them with alcohol did not permeate to the island culture. Locally grown Mediterranean spices, such as marjoram, anise and saffron, are also used sparingly. This avoidance of exotic imported spices in travarica goes along with the general trend of avoiding spices in south Croatian cuisine, particularly in Dalmatia [53] . Croatian cooking uses spices mainly for fish and game dishes (rosemary) or for preserving fruits and marinades (rosemary, bay leaf). Both rosemary and bay leaf are of local origin. Even native oregano and thyme species have not been, according to our respondents, used in cooking until recently. Making high alcohol spirits distilled from fruits must have a history stretching back a few hundred years in Croatia, and our respondents remember flavouring rakija with single species of mixed herbs since their childhood. However, they observed that making multi-species aromatic travarica has intensified as a result of the development of tourism since the 1960s. Before this time, single species flavouring was more widespread (rue, walnut, sour cherry, sage, myrtle). Another change has occurred in the way travarica is made. When people commonly distilled their rakija at home, herbs were added to the fermented fruits. Nowadays, they are more commonly added to bottles after the distillation process. In contrast to the thriving tradition of travarica, the use of local low-alcohol drinks from the pseudofruits of juniper (recorded on Rab and Cres, as well as on the mainland of Croatia in Istria [24] ) has completely disappeared. Some new fashions may be observed, particularly making rakija with ripe olive fruits in it. The practice of adding exotic fruit species to rakija, mainly jujube and loquat, has also increased in frequency, though it was already present throughout the islands a few decades ago.
The incredible richness of species used in the Adriatic islands should be emphasised and treated as a local cultural heritage. In a very comprehensive review of plants used to make alcoholic drinks in the whole of Eastern Europe, 116 species were listed [6] , whereas we recorded nearly as many as 114 in one part of one small country! In contrast, in a region of Italy as many as 46 species were recorded [2] , which is still treated as a rich heritage. Comparable species richness was only observed in beer starters in a Shui minority area in Guizhou, China, where 102 species are used [12] . A large number of species used to produce home-made liqueurs is also used in Spain (including Catalonia), where at least 125 species of exclusively wild plants have been recorded [7] , not taking into account cultivated species.
Although a rich tradition of flavouring strong spirits distilled from grape pomace is alive and even expanding, some culinary phenomena, such as the distillation of Arbutus unedo fruits, and making wine with Juniperus pseudo-fruits, are now extinct. These two beverages might be revived by local family farmers on a wave of general public interest in minor non-timber forest products [54] . It is worth emphasising that Juniperus spp. are spreading on land which once used to be grazed; thus, the utilisation of their fruits could increase local ecosystem services. The use of juniper beverages has been declining, in the Croatian islands as well as in northern Europe, with an exception of very few locations, e.g. Kurpie, Poland, where it has revived [9] . Madej et al. [9] claim that fermented juniper drinks have a very long history in Europe, of at least a few thousand years, based on archaeological findings from Denmark where ancient sediments of such a drink were found [55] .
The common use of a large number of ingredients in rakija is probably a symptom of the gentrification of local gastronomic traditions. The term gentrification was first applied by the sociologist Ruth Glass in 1964 to ordinary, working-class areas of the city of London that became increasingly inhabited by middle-class people, artists etc. [56] . Now, the term is sometimes extended to cuisine as well. In contemporary times, we eagerly search for new ingredients and experiment with them [57] . Wild plants nowadays often become delicatessen as noted by the authors from the Iberian Peninsula [58] . They have also become an important part of menus in expensive restaurants [59] . In a tourism-oriented area of the Adriatic islands home-made spirits are often sold to visitors; thus, the pressure to impress tourists and provide an interesting product for them must have been an additional driving force towards experimentation with flavourings in alcohol. Interestingly, however, the ingredients used are nearly exclusively local, whether wild or grown. This is in contrast to other European countries, in which people often experiment with exotic spices. The Croatian islands formed part of the Venetian empire for a long period of time. The Venetians were some of the leading distilled alcohol producers in Europe. We are convinced that most of the flavouring ingredients we noted have a long history of local use in alcoholic drinks, but it used to be restricted to medicinal uses or used only by noblemen, and has only slowly become widespread and common. These species are usually used to make herbal teas as well; thus, it is likely that local people automatically switched from using the same species in herbal teas to using them in alcohol. The same likely trajectory was discussed for the popularisation of genepì in the western Alps. The name genepì is applied in the Western Alps (in Occitan, Franco-Provencal, and in French and Italian too) to diverse species of locally growing Alpine wormwood (esp. Artemisia genipi, A. glacialis, A. umbelliformis), which were once used locally as medicinal herbs, and later became part of a soughtafter alcoholic drink [60] . These species of Artemisia have been under threat of over-collection since the nineteenth century [61] . In our study, most of the plants used as flavouring are common or cultivated, apart from one which may be threatened. This is also an Artemisia species, bluish-leaved wormwood A. caerulescens. The species has a few dozen localities in coastal Croatia, restricted mainly to salt marshes, and is not very abundant [46] . The history of the interest in the utilisation of the species in the northern Adriatic is a long one [62] . It is only collected on the island of Cres, where it is known as morski pelin ('sea wormwood'), although the Venetianorigin name sandonego is also known. The local inhabitants are aware of the Venetian roots of the drink they make from it. According to our informants in Cres, it has been severely overharvested and practically destroyed by gathering and the development of tourist facilities on the shores, and it is now on the verge of extinction.
A. caerulescens and Satureja visianii Šilić seem to be the only relatively rare aromatic plant used. Other species from the impressive list of ingredients are common in the wild or commonly cultivated on the Croatian islands. Perhaps, this is what enabled a negative correlation between the number of species listed and the flora of the island (Table 3) .
Starting the research, we expected a set number of species to be used in the multispecies rakijas. Certain numbers, such as 3, 7 and their multiplications (9, 12, 27) have positive connotations in European culture [8, 63] , and one of the authors observed that some people in northern Croatia use a set of 12 species for making rakija. However, here on the islands, no such customs were observed.
Conclusions
The study showed that the Croatian islands host a rich tradition of flavouring spirits. In terms of speciesrichness, this is, to the best of our knowledge, one of the longest lists of species used for flavouring alcoholic drinks ever recorded. Another interesting finding is the relic tradition of making a low-alcohol juniper beverage, mainly on the islands of the Kvarner archipelago.
